INTRODUCTION
In the last decade much attention has been paid to the study of rheological properties of monolayer covered liquid surfaces (1) . These properties are important in processes such as emulsification and foaming (food and petroleum technology). They also are of vital importance to the understanding of the surfacrant system of the lungs.
Measurements of rheological properties (dilational elasticity and viscosity) can be performed with the aid of the longitudinal surface wave technique as developed by Lucassen and van den Tempel (2, 3) . In the monolayer a longitudinal wave is generated (in the x direction) by an oscillating barrier (see Fig. 1 ). This wave is characterized by the propagation characteristics r and/3, i.e., the damping coefficient and the real wave number. These characteristics depend upon the surface rheological properties and can be obtained from measurements of surface pressure It(x, t) or surface velocity v(x, t), which both contain the factor exp(/3x -i(wt -Kx)) (w is the angular frequency). 7c(x, t) is usually measured with the Wilhelmy-plate technique and v(x, t) can be derived from recording of the displacement of small tracer particles placed on the surface (8, 4) . Maru and Wasan (8) were the first who reported measurements using tracer particles.
As indicated by Crone et al. (4) simultaneous measurements of ~r(x, t) and v(x, t) give rise to K and/3 values with a higher degree of accuracy than those obtained from measurements of either r(x, t) or v(x, t). This is partly due to corrections derived from the simultaneous measurements concerning the imperfect transmission of the barrier motion to the surface.
Crone et al. reported orienting measurements. Their work has been continued since. In particular improvements of the tracer particle technique have been achieved; a video measuring system has been introduced. Results of experiments on cholesterol and decanoic acid monolayers are reported. 
METHOD
The tracer particles. As tracer particles we used so-called Eccospheres (obtained from Emerson and Cumming Inc.). These are small hollow glass spheres with diameters ranging from 40 to 100 #m and a true density of 300 kg m -3. These particles must follow the surface motion without disturbing it. To show this, two effects have to be considered. First, as a particle is dragged on by the monolayer surrounding it, inertial effects have to be estimated. Therefore, we consider the equation of motion which reads.
where m is the mass of the tracer particle, k the friction coefficient, v the velocity of the monolayer, and Vp the velocity of the tracer particle. For sinusoidal motion Eq. [ 1 ] leads to vp = v(1/(1 + iwr)) [2] where r = m/k. A value for k can be estimated from Stoke's law, taking into account that only one-third of the particle is submerged in the water. For the tracer particles used we find r = 10 -3 sec. For the angular frequencies used in our experiments ~0r < 1, thus inertial effects are negligible. Second, as the particle is partially submerged in the water its amplitude will be somewhat smaller than that of the surface and its movement delayed, due to the exponential velocity profile of v(x, z, t) (see Fig.   2 ), in the formula
The velocity vp(x, t) of the tracer particle can be estimated using
where d is the height of the submerged portion of the tracer particle, At the cross-sectional area from that part of the tracer particle (see Fig. 2 ), and b(z) the width of the tracer particle at height z. Using polar coordinates, Eq. [4] can be rewritten as fo °°
where R is the radius of the tracer particle, Rs = R -d, and So = arc cos (RJR) (see Fig. 2). From numerical evaluations, corrections concerning amplitude attenuation and phase shift can be calculated. For a tracer particle of average size (R = 35 ~m), an attenuation of 2.5% and a phase shift of 0.019 rad are thus computed at the highest angular frequency used (~0 = 5.24 rad sec-l). Corrections for this effect have been applied throughout.
The experimental set-up. M is the monolayer covered surface, B the barrier, T the tracer particle. CI and C2 are video cameras, W the wiper unit, VI the video interface, LSI is the microcomputer with floppy disc (F) and display terminal (D). VM is the video monitor showing two dots representing barrier (upper dot) and tracer particle (lower dot) movement.
Videotechnique. The displacement of the particles is recorded with a video camera C1 (see Fig. 3 ). This camera can be positioned at any point above the surface.
In order to obtain the necessary contrast between tracer particle and background, darkfield illumination is applied (5). The displacement of the barrier is recorded with camera C2. The picture of camera C2 is inserted in the picture of camera C 1 using a wiper unit (Sony CMW-110CE). This has been done in such a way that the resulting picture on the monitor shows two white dots, moving in parallel to the TV-scan lines, in the upper part and lower part of the screen, respectively (see Fig. 3 ).
The wiper output is also fed into the VMS (Video Measuring System). The VMS consists of a computer-controlled video interface (developed at the Twente University of Technology (6)) and a DEC LSI-11 microcomputer with floppy disc and display terminal (see Fig. 3 ). The video-interface discriminates the white dots from the gray background. A computer program, executed by the LSI-11, indicates to the video-interface two picture lines coinciding with the movement of the respective dots. The positions of the dots are measured on these so-called measuring lines. The video-interface interrupts the computer program to fetch the measured positions and to store them on floppy-disc. An off-line program processes the stored positions, resulting in estimations of amplitudes and phase angles of the movements of both barrier and tracer particle.
The monolayer. A Teflon Langmuir trough (8 × 60 cm) was used. Measurements were performed on spread (cholesterol) as well as absorbed (decanoid acid) monolayers. The preparation of the monolayers and measurements of the surface pressure were performed as described earlier (4). The angular frequency of the oscillating barrier could be adjusted to 1.05, 2.62, or 5.24 tad sec -1, and the amplitude was fixed at 0.5 mm throughout. All experiments were performed at room temperature (21.0 + 0.5°C).
RESULTS AND DISCUSSION
The amplitude of a traveling wave decreases exponentially with increasing value of x. The slope of the logarithmic plot of the amplitude versus x gives the value of/3. The value of K can be obtained from a linear plot of the phase difference (Aq~) between the motion of the tracer particle and x and the motion of the barrier at x = 0:AO = K.x. Figure 4 shows these plots obtained from measurements on a decanoic acid monolayer at w = 2.62 rad see -1. The resulting values for K and ¢/ from both v(x, t) and 7r(x, t) measurements are listed in Table I , together with those obtained at frequencies w = 1.05 and 5.24 tad sec -l. We conclude that both measurements lead to similar K and/3 values within experimental error. The dispersion
equation (4), i(E d + iw~d)(r -i/3) z = 71om,
shows the relation between K,/3, and the rheological properties of the monotayer, that is, surface dilational elasticity ed and surface dilational viscosity rid-Using the mean K and values from the v(x, t) and the a-(x, t) measurement, the values of ~d and nd are calculated as listed in Table III . These results are in good agreement with those reported by Lucassen and van den Tempel (2, 3). 
-j ei~°t [6] where v0 is the velocity at the origin (equal to the velocity Vb of the barrier) and k = K -//3. [7] where ~ stands for the complex surface elasticity ~ = ed + ioma. Equations [6] and [7] enable the values of K and 13 to be determined from the measured values of amplitude and phase of v(x, t) and 7r(x, t). These values and those obtained at o~ = 2.62 and 1.05 rad sec -1 are presented in Table II . We conclude that for cholesterol monolayers the v(x, t) and ~r(x, t) measurements give the same r and /3 values (within experimental error). By introducing into Eq.
For 7r(x, t) we now have

7r(x, t) = k~vo60 (le-ik(x-L) ~-~eik(x-L)~) ei°a
[6] the r and/3 values obtained from the v(x, t) measurement we obtain the curves presented as continuous lines in Fig. 5 . We note that near x = 0 (Fig. 5B) there is a significant deviation between theory and experimental values. This phenomenon was observed generally in our experiments and has also been reported by Crone et al. (4) . The discrepancy can be explained by assuming that the transmission of the barrier motion to the monolayer is not perfect, hence in Eqs. [6] and [7] Vo is not equal to Vb. In order to overcome this, a new fitting We learn from Table II that the effect of the imperfect barrier transmission on the results is too significant to be neglected (for instance see the/3 value at ~o = 1.05 rad sec-~). In Table III , ~a and oa values are given as calculated from the "corrected" K and fl values.
When we compare our set-up with that described by Maru and Wasan (8) we note that the use of the video system leads to greater accuracy, the whole particle motion instead of its extreme positions is used to calculate the amplitude and phase of v(x, t).
From previous experiments (4) with handclocking (as done by Maru) we estimate that, for o~ = 1.05 rad sec -l, the video method leads to at least 10 times greater an accuracy for Agv.
It might be of interest to apply the corrections for the imperfect barrier transmission to the results of Maru. As the discrepancies between theory and experimental values (for x near zero) are rather pronounced in Maru's results, these corrections might influence his conclusion as to the discrepancy between his results from ~r(x, t) and v(x, t) measurements.
In the previous results, the measurement of the wave was done by means of tracer particles and only those particles which were more than 2 cm away from the side walls were recorded. This was done in order to minimize the influence of surface shear caused by the side walls (7). Experiments were done to see if the surface shear had influence on the measurement under this experimental condition. For this purpose, the amplitude of v(x, t) was checked, at constant x value, and expressed as a function ofy (Fig.  1) . The amplitude remained constant proving that surface shear had no influence. This conclusion proved to hold for experiments on cholesterol as well as decanoic acid monolayers.
From has improved markedly.
